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I NTRO D U C TIO N
Studies have shown that 10% of deaths following an accident or injury take place in the first 3-5 mins, and 54%-60% within the first 30 mins.
(1) Thus, ambulance services must send a vehicle to the scene of a medical emergency as fast as possible, since this can affect the outcome of the patient. 
The most important measure of efficiency for an ambulance system is response time. Response time is defined as the amount of time taken from the time the initial call for medical assistance was made to the time of arrival at the scene. The most accurate reflection of EMS performance is the time taken from the first ring of the phone to the time when medical intervention begins. Since the probability of death or permanent disability resulting from accident or disease directly correlates to response time, (8) reducing response time is essential.
Response time can be reduced by increasing the number of ambulances and personnel, and improving the location of existing stations. However, increasing the number of ambulance stations, ambulances and personnel is not a popular option because of the cost that would be incurred. Hence, an alternative solution would be to ensure that existing ambulance stations and vehicles are optimally located within the area they are expected to cover.
Through a generalisation of results, the ambulance industry has suggested that emergent ambulance responses meet a response time criterion of ≤ 8 mins for at least 90% of all calls. (7) Pell et al calculated that a reduction in target ambulance response time from 14 mins to 8 mins in 90% of all calls would increase survival following cardiac arrest from 6% to 8%, and a response time of 5 mins would increase survival by up to 11%. (10) The American College of Cardiology/ American Heart Association guidelines specify that an electrocardiogram should be obtained and interpreted within 10 mins of arrival to the emergency department in patients with symptoms suspicious of acute coronary syndrome. (11) A geographic information system-based analysis of ambulance station coverage area in Samsun, Turkey
To determine the coverage of stations and ambulances, there are many widely used, advanced information technologies including the geographic information system (GIS). (12, 13) The health sector can be categorised into two distinctive areas -epidemiology and healthcare. Epidemiology, the study of the occurrence of disease (especially in relation to environmental features), is an area in which the traditional analytical tools of GIS are frequently employed. (14) The use of GIS in healthcare is concerned with factors such as hospital and clinic placement, accessibility to these facilities and other services contributing to the health of people. (15) In Turkey, EMS activation starts with a person dialling '112'.
The call is then answered by a staff in the command centre, and after the caller has been briefly interviewed, an ambulance is dispatched from the closest station to the patient in need.
After the first medical intervention at the scene, the ambulance will be routed to a hospital by the command centre, and the patient will be delivered to the emergency department of that hospital. In Turkey, EMS (i.e. the 112 line) is available nationwide 24 hours a day. The EMS does not belong to any hospital, fire station or rescue team. Instead, the EMS is a branch of the Directorate of Provincial Health and serves all people in need.
In the study area, there are four ambulance stations that are located in appropriate places; the stations have a total of 11 road ambulances and 1 air ambulance (i.e. a helicopter). (16) In an emergency circumstance, the command centre typically sends a road ambulance to the scene. However, if the estimated travel time from the station to the requested location is more than 30 mins, the command centre will send an air ambulance. (16) Each ambulance is staffed by a paramedic and a general practitioner, and the road ambulances are designed and equipped for the transport, advanced treatment and monitoring of patients.
In determining the location of stations in Turkey, factors such as the provision of services for a maximum of 50,000
people, ease of transport facilities, presence of diseases in the region requiring emergency assistance, frequencies of incidents (e.g. traffic and industrial accidents), and the quality, distribution and distances of health institutions offering hospital facilities were taken into account, and the requisite measures put in place accordingly. (17) In light of the above information, this study aimed to determine the number of people and emergency calls covered by the current 10-min ambulance station coverage area in the provincial centre of Samsun. A GIS buffer analysis was implemented to evaluate ambulance station coverage.
M e Th O Ds
This was a descriptive-type study that covered the provincial centre of Samsun, which lies in the Middle Black Sea region were digitised within the same coordinate system. All data were inputted into the ArcGIS 9.2 software (Esri, CA, USA).
ArcGIS 9.2 is used worldwide by public health specialists and health service planners to produce data using geographic and health data. (19) Call densities were analysed on the basis of subquarter populations and maps were coloured accordingly.
In addition, various data for the ambulance response times and and frequency distributions were established.
Similar studies in the literature were examined in order to evaluate station coverage areas. (5, 20, 21) In the current study, the aim was to determine the average speed and response time of ambulances within the study area. Accordingly, an average speed of 50 km/h was determined for ambulances, bearing in mind factors such as traffic density, driver attitudes regarding giving way to ambulances, road width and road quality. Based on a review of the literature, (9, 10, 11) 
ResUlTs
In the study area, a total of 11,506 emergency calls were made The majority of calls were received from the İlkadım district, but call density was highest in the Canik district (Table I ).
There were three main reasons for emergency calls, namely medical reasons, traffic accidents and other accidents (e.g. industrial accidents and injuries) ( An examination of the distribution maps of the total calls made due to medical reasons, traffic accidents and other accidents showed that calls due to medical reasons were more frequent in certain areas (increasing where population densities were higher) and traffic accident calls were more frequently made in areas bordering the coast. We also found that in regions with high inner city traffic, there was a supplementary density that stemmed from the use of the orbital road for intercity transportation.
According to the investigations made based on the GIS data obtained, the total 10-min coverage areas for the four stations comprise 76.9% of the provincial centre of Samsun and 97.9% of its population (Fig. 2) between 70,000 and 154,000 in the districts of Atakum, Canik and İlkadım, which are located within the provincial centre of Samsun (Table I ). The ambulance stations in these districts can serve any district in an emergency, depending on the decision of the command centre. The smaller the intended population coverage by an ambulance station, the faster the service provided. With the ongoing increase in population size and dispersion, it is increasingly difficult to achieve adequate response time. (24) Studies have also reported different numbers of emergency calls per head of population. In different cities in Great Britain, the number of calls per 1,000 head of population was reported to be between 60.2 and 140.1, while in North European countries and the United States of America (USA), the numbers were reported to be between 77 and 101 calls per 1,000 individuals and between 11 and 139 calls per 1,000 head of population, respectively. (25, 26) In the current study, which was conducted in the provincial centre of Samsun, the number was 
Since the city of Samsun extends along the shoreline, the 10-min coverage areas extend directly to the sea. As the station centres also cover more interior regions and serve a wider area, the station centres should be located where the population is most dense. As shown in Fig. 2 , the population of the provincial centre of Samsun is concentrated In general, the majority of studies pertaining to the location of ambulance stations evaluated whether the location of a new station is appropriate and what the resulting coverage area will be. (5, 21, 30) For that reason, we found that there was a lack of adequate studies in the literature that could be compared with the current study. However, there is a similar study conducted in the USA, which reported that the ambulances' 10-min service areas covered 80.0% of the Eastford region and 73.0% of the Woodstock area. (20) Although research by
Cromley and Wei showed coverage levels similar to that of the current study's, comparison to the desired level could not be performed as there was a lack of data regarding the population and call densities. (20) In a similar study in Turkey, Gümüş et al were unable to obtain information regarding the area, population and emergency calls within their study's coverage area. (21) In the current study, data on the response time of the four existing ambulance stations in Samsun was obtained from
Samsun Emergency Health Services (Table III) . (16) According to the data on response time, arrival at a scene within 10 mins or less varied between 84.0% and 90.2%. However, the 10-min service areas covered 99.0% of cases. This discrepancy may be attributed to factors that negatively impact response times, such as ambulance speed, traffic density, condition of roads used (e.g. main roads, minor roads and dirt tracks) and problems experienced by drivers in locating the addresses.
Our study had some limitations. In Turkey, there are no specific limits to the service region of ambulance stations.
When an emergency ambulance call is received by EMS, the ambulance team from the nearest station is dispatched.
Hence, no analysis regarding the adequacy of the service area at the station level could be performed; instead, the four stations were evaluated as a whole. Another limitation was that the emergency calls were not logged onto the map via 
